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A FURTHER INVESTIGATION OF- THE METEQROLOGICAL
CONDITIONS CONDUCIVE TO AIRCRAFT ICING

By Williem Lewis,* Dwight B. Kline,~
and Charles P, Stelrmetz

STMMARY

Meteorologicel data from flight cbservaiions in lcing condi-
tions during the winter of 1946-UT are presented, Data on liquid
water content, temperature, and mean-effectivs drop dlameter are
shown to be consistent with values previously proposed for maximum
leing conditions., Data on drop-—size distribution as obtalined by
the rotating-cylinder method, although consistent with measurements
previously made, were found to be inconsistent with data on drop-
gize distribution derived from the ratio of the maximum diameter
to the mean-eoffective diameter when the maximum diameter wes
calculated from the area of impingement on & stationary cylinder.
The relation between temperature and meximym liquid water content
in layer clouds is discussed and estimates are given for the
highegt values of water ccm‘bent to be expected in la.yer cloud.s at
various temperatures, -

INTROPUCTIOR

Over & period of several ysars, the NACA has conducted research
on the prevention of ice formations on aircraft through the use of
heat, The presenrt phase of this research is intended to provide a
fundamental urderstanding of the process of thermal ice prevention and
'bhereb;y' promote improvement in the d.esign of thermal ica—prevention

"13)&;'15‘}18 , U.S. Weather Bureau, has been assigned. to work in

colla.'bora.'bion with the staff of the Ames Aeronautical La.boratory
‘en 'bhe WACA icing research program, = - vt mTees s e

‘2MI‘. Kline, U.S. Weather Burea.u, has been assigned. teo the Flight

Propulsion Research Laboratory, Cleveland also in GOnnection
~wlth the! WACA icing research ;progra.m s -

. L
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equipment. The meteorological results of the Investigation, up to
and including the 1945-L6 winter seascny have been presented in
reference 1, The present report, which may be regarded as s
supplement to reference 1, presents the results of additional
flight measurements made during the winter of 1946-L47, These date
include results of flight obsérvations with the XB-2UM and XB-PSE
alrplanes operated by the Flight Propuleion Research Laborabtory at
Cleveland, as well as the C-46 airplans operated by the Ames
Aeronautlcal Leboratory, Moffett Field, Calif.

Appreciation for cooperation In this investigation ie extended
to United Alr Lines, Inc., the U.S. Weather Bureau, and the Air
Materiel Cammand of the Army Air Forces. In particular, Major
James Murray, Air Materiel Commsnd, and Mr, Lyle Reynolds, United
Alr Lines, who were pilot and copilot, respectively, of the
C--U6 airplane, contributed materially to the research program.

APPARATUS AVD METHOD

~ The equipment and test methods empldyed in the -research of this

" 'report were ldentical to those descrlbed in reference 1 with the
© exception of & few changes discussed in the following poragraphs,

Rotating-Cylinder Maasurementsa

" The values of liquid water content and mean—effective -drop
dlemeter® presented hersin were all calculated from the amounts
of ice collected on four rotating cylinders, 1/8, 1/2, 1-1/4, and
3 inches in dlameter. The assembly used on the 0—46 airplane is
gshown in figure 1. A 'similar apparatus was used by the Flight

Propglsion Research Laboratory.

Previous calculations of liguid water content end mean-—
effective dlameter from rotating-cylinder dote obtuined in fiight

"have been based upon the true alrspeed of the eirplene. . (See
“"treferences 1 snd 2.) This procedure involves the tacit assumption

that the local velocity at the point where the cylinders are
exposed is equal to the true alrspeed of the airplane, In order

%o check the validity of this assumption for the installatlon

S Defined in the appendix 6f reference 1 as the volume median
diasnmeter having the praperty-that there is as much water in the
drops larger than the volpme, median diameter a8 there ig in

drops smaller th&n the: volumg median diameter. :
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on the C--46 alrplane, the local velocities at the points of exposure
of the cylinders were measured for e range of airspeeds. It was
found that the local veloclty was approximately 12 percent higher
than the true airspeed over the entire reglon in which the cylinders
weore exposed, The values of meen-effective diameter and liquid
water content presented in this report, calculated from observations
on the C-46 sirplane, are based upon the local velocity. The data

. Presented herein from the Flight Propulsion Research Laboratory are

- based on true airspeed, since locel velocity date were not available
‘for those installations.

Ares, of Drop-Impingement Measurements

The apparatus for the measurement of the area of drop impinge~-
ment &s used on the C~U6 airplane is shown in figure 2. This device
congists of a cylinder 5 inches in dilemeter on which the angle from
the stagnation point was marked in intervals of 10°. A means was
provided for removing the ice accretion by roteting the cylinder
against a scraper which was mounted directly behind the cylinder.
The angle betwsen the aft edge of the ice formetions and the
cylinder stagnetion point-wes read visuglly to the nearest 5
The ice formation was not allowed to bescome lerge enough to signifi—
cantly modify the eircular cross section of the cylinderx.

Icing Rate Meter

An lcing rete meter of the rotating disk type wes used on the
airplanes operated by the Flight Propulsiocn Research Laboratory.
This instrument was similar in principle to the one described in
reference 2. Data from this irstrument are presented as icing rate
in inches per hour collected on the edge of the dlisk, The date are
not presented in terms-of ligquid water content, since the density
of the ice and the collection effigiency of the disk are not known
with sufficient accuracy.

RESULTS AMD DISCUSSION

The date from the 194647 observations have been prepared
in a form similar to that used for presentation in reference 1.
Tables I and IT present a summary of the data for both laboratories
for all flights during which icing conditions were measured.
Figure 3 presents the relatlon between liguid water content and
mean~effective drop diameter and figure 4 shows liquld weter content



b NACA TN No. 1h2h

as a function of free-alr temperature._ The curves denoting intensity
of icing in figure 3 represent the rato. of ice accretion on a 3—inch
diameter cylinder at 200 milss per hour ag specified by the

U.S., Weather Bureau for’ reporting icing intensity from mountain—top
observation stations.

A1l of the values of liquid water content and'meanpeffective
drop dlameter listed in tables I and II are within the rango of
values observed during the previous season except the largest valuc
of drop slze from fiight 72. In this case the collection efficiency
wasg the same, within the limits of errors of measurement, for cach
of the four cylinders.' This corresponds to a valus of mean—
effective dlameter of at least 150 wicrons. The liquid water
contont was 0.04 gram per cubic meter in this case,

. Toing Conditions in Altostratus Clouds

-In contrast to the experience of the 1945~U6 geason in which
nearly all of. the altostratus clouds observed wore composed of ice
crystals, a large altostratus cloud system composed mostly of water
drops was ‘encountered on flight 102 in the zone of convergence ahend
of & low-pressure arca. Thig cloud was formed in tropical marine
glr over Louisiena et a temperature only slightly below freezing.
Altostratus clouds contalning water drops were also encountered
dvuring four flights by the Flight Propulsion Rescarch Laboratory.
Three of those were Just outaide cyclonic precipitation areas and
the fourth was shead of a cold front. A mors thorough investiga—
tlon' of the structure of clouds hasoclated with fronts and low-
prossure gystems will be required to detormine the most probable
location and extent of ieing conditions 1n such cloud systeums.

The following summary of the icing charascteristics of alto-
stratus clouds as compared with stratocumulus clouds in the samc
general area has been prepared from date obtalned by the Flight
Propulsion Rescarch Laboratory.
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Cloud type Altostratus Stratocumulus ;
Number of runs 9 - Ee]
average! 0.19 ) c.21-
Liguid water contentimedian i .18 .18
. range : .12 to .30 .06 to .50
average 18 microns 13 microns *
Msdr o“ ng:;:g; medien ; 18 microms 12 microns
P range : 12 to 24 microns|7 to 36 microns
average] 18°F 120 F
Temperature msdien 19° F 15° F
rangs | 10 to 23% p 11 to 28° F

Although insufficient date &re presented here to psrmit definite
conclusione to be drawn, it is noted that there is & tendsncy for
eltostratus clouds to have larger drops end more uniform conditions
than stratocumulus clouds. ’ ’

Re—examination of Previously Proposed
Design Conditions

Tentative estimates of the most severs licing conditions likely
to be encountered in the course of all—weather transport operations
in the United States were presented in reference 1 to serve as &
guide In the design of ice—prevention equipment Thess estimates,
which were based on date cobtained during the 1:45-46 season and
before are glven below:

—

©§ Liquid [
Duration | Mean—effective
Cloud % i % . '
P | (et 160 mph) | YooY, larop qtameter | TTPOTAtUre
Cumilus ! 1 minute ie.o g /m® 20 microns"j_ Q° F
Stratus or 20 ninutes ‘ ;
stratocumilus| or longer  |0-8 gn/m®| 15 microns l 20°F !
Stratus or 20 minutes s i :
strgtocumlus! or longer i .5 ga/m>} 25 microns { 20° 7 i
1 }

T —— Ty
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It iz sesn from an examination of the date in Jilgure 3 that
these maximum icing corditions were not equaled or sxcesded. dvring
the 194647 observations. The genmeral renge and frequency of
values of liguid water content and msan—effective diameter in layer
clovds are very similar to the results from the previous season.
Only & small amount of deta were taken in cummlus clouds in 19hk6-k7,
These observations all fall within the range established by the
1945-46 observations for cumilue clouds,

The Relatlon Between Maxirmm Liquid Water Content
and. Pemperature in-Laysr Clouds

It was pointed oul in refersnce 1.that insufficient dute were
availeble from layer clouds at low temperdtures to provide the
basle for an estimate of the relation botwsin temperature and
maximum liguid water contsnt in layer—type clouds, Th- data
Presented herein, while atill rather acanty, includs obaervations
‘from 12 flights in layer clouds at temperatures of 10° F or lower
and two flights below ~10° F. Theso are bslioved to provide a
sufficient basis for a tentetive estimate of maximum liquid water
content as a function of temperature in layar clouds,

It was suggested in reference 3 that the maximum liquid water
content likely to occur in stratus clouds is tho amount that would
be produced by adlabatic 1llfting through an inberval of 3000 feot -
above the condensation lev:l. Subsequent cxperisnce, and ilmprovid
methods of measuring liquid water content indicate thet tho actual
water content is generally subztantially luss than the thooretical
value, The éstimate of 3000 feot as the maximum thicknusa ' of a
continuous stratocumulus or stratus laysr appears to be approxi-
mately correct, In figurc &, curve A roprosonts onc-half of the
liquid water contont which would be obtained by adiabatic lifting
through a pressure altitude interval of 3000 faet from the condsnse—
tion level, Thia curve fells very close to the points rspresenting
the highest obscrved velues of liguid water content in layer—type
clouds, Since it is reascnable to expect that a larger sample of
data would include higher values of waber comtent, the curve B
(fig. 4), which reprosents two—thirds of thg liquid water content
produced by adisbatic 1lifting through 3000 fect, is proposcd as an
estimate of the highest values of liquid water contant to be
expected In layer clouds, This. curve indicates a maximum liguid
water content of 0.8 gram per cubic meter at 20° F which is in
agreement with the estimats given in referencc l, The maximum
liguid water content for lower tempesraturss is 0.5 gram.por cubic
- meter at O° F and.O. 25 gram psr ciuhlic moter at —20° F.



NACA TN To, ikok : . T

Typical Icirg Conditions

Estimates of the most severe ilcing conditlons likely to be
encountered in the course of all-weather transport operotions in
the United States have been presented in the foregoing Section.
Deta on $yplcal or average icing conditlions and on the relative
frequency of various values of liquld water conmtent and drop size
are also of interest.

The highest velues of liquid water conbtent measursd during each
of 21 flights in cumulus clowds ¢ 51 flights in layer~type clouds
are presented in figure 5 in the form of ogives {(cumulztive frequency
curves, reference 4), These curves include dnta from the Ames
Aeronmputical Leboratory for 194546 and 1946-LT and from ths Flight
- Propulsion Research Iaboratory for 1946-L7, The median value of
- maximum liquid water content per flight is 0.76 gram per cubic meter
for cumulua clouds and 0.28 gram per cubic meter for layer clouds.
These values approximete those given in refersnce 1 for typical
icing conditions. I% is also noted from figure 5 that 90 percent
of the flights in cumulus clouds encounbered less than 1.2 grams
per cublc meter and 90 percent of the flights in layer cloud.s
encountered less than O. 5 gra.m Per cubic meter.

Ogives pZ_Lot'bed. from observations of mean-cffective diameater -
and maximum diometer made during the 1946-UT seceson are presented
in figure 6, It is noted that 50 percemt of the obaervations of
mean-effective diameter fall in the relatively nerrow rangs from
11,2 to 16.2 microns, and 90 percent are less than 22 microms.
Fifty percent of the observations of maximum diamster are between
12,6 and 20 microns and 90 percent are below 28 microns.

These distribubtion curves indicate that the lcling conditions
most commonly encountered. sre much less severs than the estimoted
maxlmum conditions., Thus, 1f it werc assumed that most cumulus
clouds and the most severe 10 percent of icing condltions in layer:
clouds could be avolded by proper meteorological navigation, 1t
would only be necessary to protect ageinst 0.5 gram per cublic meter
et 13 microns or 0.3 gram per cubic meter at 20 microns., The extent
to which meteorological navigation cen be relied upon, however, can
only be determined by an extensive gtudy of the distribution of
icing conditions in various westher situvations and an amalysls of
air traffic control procedures. : '
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Maximum Drpp Size and Drop-Size Distribution

~ In the analysis of the test data the fact <:as noted that, in
many cases, the maximum drop diameter as calculated from the area
-of implngement on the fixed cylinder was equal to or only slightly
excesded the corresponding mean—effective diameter celculated from
the rotating—cylinder data.” In a fow cases the indicated moximum
dismeter was less than the indicatesd mean—effective diameter. This
would indicate that in a majority of cases the size distribution was
fairly uniform, The size distribution obtained by the rotating—
cylinder method, on the other hand, frequently indicated broad
distributions in oases where the compearison of the mean and the
- meximum dlameters indicated uniform drop sizs, In order to check
the consistency of these two methods. of measuring drop-size
distribution, they were expressed in terms of a commen scale. To
do this the assumption was made that the value of drop diameter
contributing 10 percent of the water content in the dssumed size
distributions B, O, D, and E (reference 2) corresponds to-the 'value
of maximum drop diametor dorived from the ares of. impingement on
the stationary cylinder. On the bagis of this assumption, thou ratio
‘of the maximum diameter as measured by the area of impingemsnt method
to the mean—effectiva dlameter as measured by the rotating—cylinder
method was unsed to delfine a scale of size distrlibutions as follows:

Size distribution designation  Maximum diameter
(defined in reference 2) mean—sffectlive dlameter

Pelow 1.16 '
.1.17 to 1,41
1.2 to 1.62
1.63 to 1.87
1,88 and over

HUawrs

A comparison of-the drop—size distribution obtained by the *wo
methods is shown in the following frequency table:
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Numbor of observations )
Size distribution determined Dy Lthe retio of |
maximm diasmeter to mean-—-effective. dlamster
& A B C D ‘E | Total
B
.;: A 21 10 1 1 3L
ﬁ%}" B |3 6 3 1 1- 1k
S .
23 o |8 | & o |1 2 15
24 D | L b 0 0 0 8
0
4873 E |8 ] 4 | 2 | 5] e 21
3%.}; | e _r... v m——— . -
Rl Total{hlh | 28 6 8 6 92

It is seen from the foregoing frequency teble that the data on
drop—uize distribution determined by the ratioc of moxirum dismeter
$o mean—effective diameter indicate a prepondserance of falrly uniform
drop-size distrlbutions; whereas the data on drop-size distribution
obtalned from the rotating—cylinder method indlicate a larger number
of very nonuniform distributions. . B

The correlation coefficient showing the degree of agrecment
between the resulis of the two methods of measuring sizs distribution
was computed from the foregoing table by Pecrson's product moment
formula (reference 4) and found to he 0,13, This low correlatlon
between the results by the two methods indicates that ons or both
methods must be regarded as unreliable and that therefore the informo—
tion presented herein on drop-size distribution must, at present, be
regarded with some skepticism. The values of mean—effective diamater
presented are nevertheless regerded as being falrly accurate,

~ An inspection of the date in the frequency table shows thot tho
agreement in drop-size distribution would not be materlelly improved
by & modification of the assumption used to reduce the data to a
common scale, For example, if the scale had been chosen to give
UYEY distribution for a larger fraction of the maximum drop-size
data, the improved agreement in the lower portlon of the tablc
would be offset by corresponding changes_ in the uppoer portion.

i One posslble explandtion for this dlscrepency in the detsrmina--
tion of drop-size distribution lies in the effect of the acceleration
in the flow of air around the fuselage in locally modifying the water
content, drop—size distribution, and welocity at the polints whers -
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the rotating cylinders are exposed. Since the 1/8-inch cylinder

1s expossd nearly twice as far from the alde of the fuselage as the
3-inch cylinder, it would appear thet the local effects might apply
variously to the different cylinders, thus giving rise to a false
relaetionshin betwoen cylinder diameter and relative collection
efficiency. Only a small change in the curvature of the line
dofining this relationship is sufficient to produce a mignificant
changs in the indicated drop-size distribution. This eifect could
be meesured by the exposure of four rotating cylinders of equal
diemeters at posltions normally occupied by the rotating cylindoers.,
Any differences in the amounts of lce collected would be due to the
local acceleration,effec@s Just maqtioned,

. Another possible- explenation of the discrepancy is the
posgibllity that flow around the ends of the stationary cylinder
cauged the obgerved width of the arsa of impingement to be less
than would occur on & cylinder of infinite longth, Thie effect is
believed %to be unimportant, however, since the edges of the ice
formatione were observed to be str&ight and parallel to the axis
of the cylinder.

The frequency of various vaelues of maximum dxop diamster are
presented in figure 6. It is seen from thils curve that the maximum
diameter was less than 20 microns in 75 percent of observations and
less than 30 microns in Q3 percent. In a comparison of the two
curves of figure 6, 1t should be remembersd that the curve for
maximum dlameter 1s based upon & much smaller sampls of data than
the curve for mean-effective dlameter.

A Further Check of the Icing Intensity Scale Proposed
in Referénce 1 for Forecasting Purposes

It was pointed out in reference 1 that, whilse fairly reliable
estimates of the liquid water content in clouds can be made, the
slze of the drops rermains unpredictable. For this reasgon, a scale
of icing intensity based upon liquid water content alonu was
proposed as an aid in the preperation of icing forecasts. This
scale was found to agree with the icing intesnsity scale used by
the Weather Bureau in 78 percent of the 1945-46 observations. The
1946-47 observations have been used to check the general valldity
of the proposed scale, since these data are independent of those
used to define the scale. The following table presents the 1946-L7
data in the same form used in reference 1 for the 1945-46 data.
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. Renge of f. Numﬁer of observed cases of icing of i

i

i
 Cloud type | . water yarions intensitios
: : content 'Alternate Weather Bureau scale cf icing
: ; | scale of ! - JAntensity
- : totng T ] }

L ;1ntensity ! Trace ' Light Moderate 'Heavy
, . 0-0.11 ; Trace j: 23 S ¢ ; 0 S0
' Layer | ~0.12-0.68 iLight = .2k ; 0 2 - 1 o
. clouds :  0.69-1.33 -Moderate | "0 E o o] i 0 i
[ over 1.33 ! Heavy . o 0 ‘ 0 . 2 o}
b 0-0.07 |Trace | 01! o0 .. o .-, O
| Cumulus { 0.08-0.49 | Lignt { 3 13 { 0 .0
i clouds ;- 0.50~1.00 ;| Moderate- i o i 2 - 3 .. 1 o
[ , ' over 1,00 | Heavy o o i 0 il 0

This table shows agreement in 76 percent of the observations.
The alternate scale indicates icing intensity one degres higher in
18 percent of the cases and one degree lower in 6 percent. The corre—
sponding figures for the 1gi5-46 datae were 73 bsrcent, 17 percent and
5 percent, respectively. Thus, the agreement is nearly as good for
the independent data, which inainate in general that approximately
this degree of agrsement can be oxpected

CONCLUDING REMARES

In addition to verifying the specifications of maximm Icing
conditions proposed previously. thc data presented hersin have been
used to define the relation between temperature end maximum liquid
water content in layer—type clouds as follows:

Temperature Maximum liquid water content

In layer clouds .
20° F 0.8 gm/m
0° F ' .5 gm/m®
—20° F .25 gm/m®

Date on drop-size distribution as obtained by the rotating-cylinder
mothod, although consistent with measurements previously made, Were
found to be inconsistent with dats on drop-slze distribution derived
from the ratio of the maximum diamoter to the mean—cffective dizmeter
when tho meximum diemeter was calculated from the arsa of impingement
on a 8tationary cylinder. In spite of the inconsistency it is
beliecved that the data on mean-effective diameters are fairly reliable.

Ames Aeronautical Laboratory.
National Advisory Committee for Aeronautics,
Moffett Field, Celif. Coe -
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COMMIYTEE FOR AEROMAUTICS

¥2¥T "N NI VOVN

eT




T
Toing Flight o :1; Fresyvre | Tamoare—| l:ﬁ‘ %“_’H""ana?:}f? Lhﬂ.-ﬂ Jropsize Bloua
ae— Tive drov Qisiricutlion === ddatrivadion | O | Location and 7 -
Cordit.:‘:n i e Date (PeT) apeod altitule ture )| diemeter (rotating adtametar (rrom mos type Location and resmrxs
b (te) {5r) | ool
(xp} (g/m3) | (mlorcns) | cylinder) dismoter)

n w1 | 3A7/W7 1113 i 5200 1k 10 8 A 8 A Bc | Eaatarn Missouri, Thin
broksp olosd lager,

12 100 AT/ 133 170 3600 22 2 7 A 1 A Be | Mewgpils o Masbville,

wee | 157 | 3 %5 JAx 7 c 8 4 Tonn. Upstabls polar
1300 17 3900 op %14 9 b 3 b continental air following
1308 160 3800 23 3 kI 3 13 3 oold Tromt.
1330 1% 3500 ok B2 8 A 12 [}
13 lee |3/1B/kT 1237 170 | 11,800 2k .3k 17 E 30 D An | Jackeom, Miss, to
: 1eke 14 ,T00 ok o 1k c 30 3 Strevepit 12, Condense—
iEhd | IT0 | 1L,5%0 =5 35 1% E 20 E ton in tropdeal marine
1309 11t | 1,k00 2% 16 1k [+ 16 A alr aloft in ares of
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1330 167 § 11,300 2% .29 7 I 20 » San Antande, Tems.
1 102 1 3/18/%7 156 166 1 11,00 26 01 20 x 21 A A | Shravepert, Ia, to
) 1510 161 | 11,300 29 A6 20 E 29 g Jackean, Miza, Seme os
sbove,

5 Wi ] 3e/m mas | e lisone o= Jax = x kh ] S0 | Ematern fenn. Fowt out-
13k | 10) Thwo | 26 o 16 1 17 3 sido of precipltation
ko 17h | 10,000 o) a7 18 I 29 [ erea aspoolated with lew

over Gecrgis.

16 103 | 329/ 1053 163 { 11,000 17 .10 19 A 7 'y As | North Qarclioe, Patohes

) of lguld cloud nsar edge
of precipitation ares.

17 10k | 3/e0/87 1k36 179 8100 16 06 L ¢ 26 A As | Sowthern Ohle, Near
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area of weak low cver
oartern Tonp.

18 10k | 3/20/%7 bl 179 6100 20 .22 10 c 20 I 5o thorn (hdc, Str

1507 i85 &1t % -3 i i 25 z cwilns In poler oombinen—
1520 170 00 ch —_—— 13 ¢ 22 b} tal, air behind wesk low
ovey saxtarn Ih_gi.

19 108 | 3/21/67 1102 161 5100 10 .3€ 1= )} 18 ¢ 8o | InAtapapolis to
b I8 L Loma 19 Ok 1 ] 18 i Tarrs Narts, Indimsn. Polar

-— 1k8 k900 19 - 13 A 18 3 continental air follming
118 1k hono 19 24 13 B 16 3 coclwrion agssoinbed witk
118 12% %300 18 RY) 13 3 16 3 low osutar Juwi porth of
11h3 b} 5100 19 .53 12 A L] A Iake Frie.

20 ws | 3/ 13 155 3100 20 AT 13 ¢ 18 B 8o | Turrs Beute, Indiane 0
mﬁ 57 5100 20 ST 16 4 18 A Clevsland, Obio, Peixr
1h3 15 5000 21 . g 17 D 20 3 ocntinental afr rollar—

186 5100 21 . 19 b 4 ] ' ing coolusion asscolated
i 1= 4150 15 .30 = o 18 a with lew camtral jurd
50 164 5300 20 1 12 T 13 3 nerth of Lake Frie,
15¢9 158 2 R 5} ] 18 »
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ooodrtlon ot | ot | Tomy | wir- | IREES ™ e & Eive drop ekt Noxtwm | dyetribntion) Ve Location sot reearks
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tuts) | 68 ™ A | (darons) | cylinder) Limater}

n w6 | 3mfr | =kt | WA 8roc 15 Y ) : B, x n A 60 wiles east of

w3 | | 8w | 3 | o 2 0 73 A Wyowiog, Dretabss s
marine air following oold
front.

-] m s fur 181 | 1m,k00 17 B 6 - 1 ] Alvugwargue, New Mexd

A3 1% | 3% Whoo | 3B | @ 15 A 12 i G Deurer, Galos Clood
1310 189 5600 W 25 29 A £9 A nywiosms asnooiatad with
16 | 160 8000 Iy .37 29 A 29 A onld front along
alaps of momntedps,
23 ng AhG/ kT 1106 W | 1,500 5 S0 b} B 16 B Dariver, Colarado to Dinsas
A sk | 1% | 200800 6 | = i i 16 A d1ty, Mssourt, Fadr
ﬁz ﬂ 10,300 8 A0 3 - x 1 A veathor owmlus in polar
10,600 ] 517 12 A 13 3 oontinegtal Alr nase,
Waak I‘IQI'M]J Tlow,

2h ns | sarhr | wer | s | 13,50 13 A2 10 ¢ 3 Kapaas City to Omaba,
wo | W | njse | 12 | 9 A }3 A Altoommlua oloud deck
0% | W | 1,600 12 a2 8 | I 9 A ahead of cold fromt moroew

. 108 % 11,300 b .33 n A n A porthern Tove,
1118 11,000 1 -1 T B 10 [
ne 179 | 1,100 1h K1l 7 3 g B
1129 155 | 10,500 16 10 . A . A
] ns k 1k s | 1,50 eh JAe b 2 19~ A Pitts 0 weshington.
feopt 0k | 1/ [ 00 | 26 | e % X 19 3 gl extanding onst-
D3y | 167 | 11,000 26 W11 bL ] x 19 » ward fron 1ow noar
Evepsvills, Indieos.
1 10 % 1232 1% | n,100 ok 35 b | b 2 D Waahington 9 Dagton, Weer
| U7 | Vel 1k | 166 Jwmo | e | 27 12 x » E wlge of poolpitation are
aaxoslnted with Jow oyer
North .

14 ng | Maspr | 1y | 268 50O o) 21 1n A 13 3 Vestarn Nabrusks, narthenly
1150 160 5ho0 - 2 - 10 B 1n 3 flowr in polar covtinestal
us | 1w 5600 25 10 A n A air Tollowing oold fremt,
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1210 23
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20 120 k 19 b1- ] 900 16 26 1 A 16 3 Fehranka, Cuwalus
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18 1) 1,200 1 . 1 A hY A polar aontinsntal adir,
2k |~~~ [ 11,000 18 S0 1 A iz A Weak northwesierly flov,
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TABLE Y.~ CONCLUTED,

1 :l
Flignt Tow | g auro | Tewpera- “aquia tributd, Jaih:linl .y
air- winr tiva drop o on 41 sl Trutd Location aod romaris
mubor | P50 | (BST) | apest e | B | contet| atemter | (rotating | atemter|(roy v, ] T -
(sep) (gfma) | (forons) | orlinder) dinmgtar)
- L fmen M -l 1 An 2k Ban Y - aa A (TS - F.y ek e T [ P
ize LT L] Lo 10 L%y AN o w Al i3 " A = wik ROFLWOAETI UL, BWaTy
1148 lg 1h,T00 10 1 1n ] 16 [ cumiles in vnstable
1151 1 15,200 9 X! 1k A ok D polar mrine air,
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TARLY II.~ METXOROLOGIDAL DATA OBTAINED IW TOTIG CORDYTIONI DURIWG THE 19h6-by WIWmRm
OPYRATTOND OF THE FLIGHT PROPULSION NESEARCE LADIRATCHY

Trao Tigudd I Teing rate |,
Tlight Date %) Plans| sir- mm Tawpare— wo. e {in, /ur) Clowmd
pwaber tels j  ture ‘%‘.fu,t m'l Looation and remavis
(t¥) {°r) ?g a) % u int?m Maximm | Averngs e

10 [1e/e6/46 [1300-15%00 | 3-2hM | 179 5070 -7 0.09 10 A ~mm | ~=~| 2a Horthern Ohio and Bew York,
Weak ncrtherly oyolonic flow,

1 |iz2/30/%6 [0930-3130 | B2k | 161 70 5 02 1k A ——— | == B Taks Irie, Instabllity tym

159 3160 9 . i A wrme | mm=] 8 olouds hesdoiated with
209 3880 T .06 1 A = | ===] Se nertharly Tlow,
13 | 1/6/AT [1h30-ise0 | e} 17T | 330 13 .37 9 A === | 2.7 [8tass | Mrty miles south of Cleveland.
:.E 3810 15 .2h 9 A - 2.T |8tzBs | Post warm front siteation,
3310 15 .86 8 A - 1.; At 280 | 0lowd deck coversd moet of
17 N0 1k ,18 9 A - 2.5 |stass | Gdo and osstern Walf of
1TT 3310 15 «30 g A - 2,8 [BtsSc | Indlama with soattered sondi-
157 3210 16 .28 A -—— 2.8 |8taB0 | tions in swrrewnding erede.

o4 | 1/6/vr |1600-1700 |Tm-e5E | R15 700 ~ 16 9 A 2,1 L5 |Ev&Bs | Ticinity of Muskegon, Mich,
Wara frant vicinity of
Travorse Cily, Miohigan.

1k 1/1/%T | 1h30-2540 | B2 | 1% 2820 86 «20 17 x -——— 1,2 |Stg 8 | Nerthern Ohio, Flight path

: 1% oo o7 .18 17 X —— 1,5 |Btg8e | intereseted upper sold froat,
1% 39088 2k R 7 % - 1.6 {8va8e myine orerrwming et
162 33 25 7 1k T - 2,5 |84 5 | 6600 rt. Tolsdo sounding st
1000 XS,

38 [ 1/7/47 |0930-1500 [Xe25® | 198 TS 1. 10 1 i 15 1,0 |8t&Bo| 60-80 milen eawt Minneapolis,
210 %500 -8 A2 12 B L7 0.9 |Et&Se| Genersl mrea post cold
21k 300 -8 .08 10 » 1.1 0.6 |a%&Ba ] fremtal olewd,

300 | 1/8/%7 | 1100-1%00 |XIB-05K | 210 3900 -1 .16 12 z £ 1.2 {8ty 80| 100 miles north of Wimsapolis,
208 100 e .09 L E 1.9 0,9 |23 80| Weak waym frontsl zone,

16 [LheNT | 1620-1630 ; D-oWM | 135 hoBs 21 At g . - 0.6 |BtiBo cyolenio
185 hobs a1 A3 n —— 0,8 (Bt&So| flow, Iake Erle,

20 \1/29/87 | 09301130 | B-okM | 168 %270 23 .20 1o A - 0.7 As Arek of Traverse City porth of
pariphery of precipitation area
asscoiated with slow-moving
warm fropd, acuthern Ohio,

v hjeofwr | 11301230 |xm-onE ;uog h00 b a8 12 A 1.9 0.6 | av | Iake Ewrwn. Xerth of

6200 18 ,18 18 A 3.0 1.6 As yorizhery of preoSpita—
21h 9000 1 A7 20 A ks 2.8 An tion aren.

3 1/31/%7 | 10301330 (13- | 209 7700 <h .16 9 A 0.k 0.k |864B60[ Iake Erie, Wertherly
syolenic flow,

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTIGS

PeFT "ON NI VOVN

LT




MELE TI.— CORCLUDED,

Trae LAquid [Ydenaffeo~ Toing rate
Flght] o, Thee ML Pressure | Terparan| wuter | tive drop (m??m-) “Clond
nuambay {z=1) [wpeed | altitnde ture tont| dismoter m Location end remcis
) | (08 | ) | EHS) | (wlooos) { Macimn iverag| ©P°
#1  |o/i7/i7] 1hko-1600 | B-2WM | 133 2920 28 | 0% 9 E -~ | 2.1 |2t&80] Area of Nuskegon and
158 2920 26 .30 9 E - 1,6 | St&8a| Treverse City., IFro-
cold fromtal clouls. Froni
sorass Take ll:lahigm.
22 |2/18/k7) 1330-1430 | &M | 161, 3670 2 .30 13 x —-——— | 2e Bs | Iake Erie, Cold fromtal zome.
Ulud.l Gppﬂ.l'.d. dark apd denme.
31 fefesfur| 1330-1600 | xm-eom | 205 | ToO0 b A5 | 16 ¢ ~=—= | L7 {5taBe} Local Cloveland area,
205 TH00 3 .13 16 E - 1.7 | 5t& Be} Wortherly oyelonic flow.
38 [of6/T| 12002000 | T-box | 210 | &0 5 .12 1% A 2.8 L3 Sc | Looal Clevelsrd avea,
a0 6500 5 A1 36 A 2.8 13 Se | Worthsrly syclonio flow,
210 6500 5 220 12 A 2.8 L3 Bc
¥ [3/3/47 | 10001500 | IB-25E | 193 | 5750 2 .06 12 A - ~ — ~ | 5t& 8¢ | Looal Llevaland area.
Portharly ¢yclonioc flow,
M 13547 |1ke0-1%00 | IESE | 191 | 1O 1% &2 8 3 ——= | 0.5 | stasge| Laks e:'::'i.'l Weak nowtherly
".
gk [3/6/47 | 1200-1330 | oMM | 220 | om0 19 +30 18 ¥ —-——— | T As | Tioinity of Flkine, Roanake
%05 9710 19 L2 18 E ——— | ——— apd Harrisopburg, Va. Flighs
2k 9910 20 A7 18 ) 4 _——— = north of precipitation ares
9 9910 20 12 18 | - - - - associnted vith varm fromt,
e  13/13/47] 15001730 | XB-05E | 197 { 11,00 21 .1B ok E - | %3 A | Lookl Cleveland wres, Pre—
£old frontal deck of middle
olowds,
21 |3/AM/4T| 1300-0k30 | B-oM | X 5600 20 3 15 A == | 22 Sc | Zake Iris. Fost cold fromtal
X 5375 21 15 13 A - 2.9 Sc | slouds, Front pessed
B3 5k80 21 19 1k A - LT S¢ | Cleveland 0730 EST.
32 [8f7/e7 | 1330-29%0 | 3-2MM ] 179 Wl 22 k2 15 A - 3.3 Sc | Looal Cleveland area. Cylinder
v 176 k10 21 09 13 A - 0.7 B0 | data dcubtful. Northerly
yolonds flow over arsa,
K % 10301230 | IB-25% | 180 k300 19 . ] A T2 k0 Se | Iake Frie., Northerly
s fitt 188 k300 19 33 15 A 6,2 3.6 S0 | oyolomic flow.
180 2300 19 A3 1 A 0.k 0. Bo
165 | %300 1 21 16 A e jme=] 8o
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NACA TN No. 1424

Figure 1.- Rotating cylinder apparatus used on the C=46 airplane
during icing research in the 1946-47 winter.
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NACA TN No. 1424 21

Figure 2.- Apparatus used to measure the area of drop impingement
installed on the C-48 airplane.
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LIQULID WATER CONTENT,
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FIGURE 4. - LQUD WATER CONTENT AS RSLATED ToO TEMPERATURS
AN ICING  CLOUD S.
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PCRCENT OF OBRSERVATIONS OF DIAMETER LESS THAN d
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FIGURE 6.— OGIVES OF MEAN EFFECTIVE DIAMETER AND MAYXIMUM DIRMETER
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